INTRODUCTION
============

Bloodstream infection (BSI) is a common complication in patients with cancer leading to delayed and reduced dosage of chemotherapeutics and longer hospitalization. Therefore, it contributes to suboptimal treatment, with higher morbidity and mortality rates.[@R7],[@R16],[@R20] The available epidemiologic data for BSI in cancer patients are mainly derived from neutropenic patients with hematologic malignancies and stem-cell transplant recipients.[@R17],[@R31]

Although in the 1990s gram-positive bacteria were the leading causative agents, a trend is now emerging with a shift from gram-positive to gram-negative bacilli mostly caused by changes in the use of the antibiotic prophylaxis.[@R12] The development of infections caused by multidrug-resistant (MDR) organisms has become a major health problem worldwide, and is of particular concern in cancer patients, who are at particular risk for severe sepsis and poor outcome.[@R13]

Patients with solid tumors are a unique cohort; they frequently have implantable devices and are relatively immunocompromised, even without overt neutropenia. Surprisingly, only limited data have been reported on BSI in patients with solid tumors, in terms of the current epidemiology, etiology, impact of MDR organisms, and outcomes.[@R1],[@R26]

We conducted the present prospective study to assess the current epidemiology, antibiotic therapy, and outcomes in a large cohort of patients with solid tumors and BSI. We also compared patients who died with those who survived, to identify risk factors associated with mortality.

METHODS
=======

Setting, Patients, and Study Design
-----------------------------------

We conducted a prospective observational study in a 200-bed university cancer center for adults in Barcelona, Spain, which has approximately 6500 admissions per year. From January 2006 to July 2012 all hospitalized cancer patients with solid tumors with at least 1 episode of BSI were included in the study. Information on baseline characteristics, etiology, clinical features, empirical antibiotic therapy, and outcome was recorded in a specific database. We also compared the characteristics of patients who died with those patients who survived, to determine the factors influencing mortality.

All episodes of BSI in our hospital are reported and followed up by an infectious disease physician. Changes in antimicrobial treatment and general management were recommended when necessary. During the study period, no universal antibacterial prophylaxis to prevent bacterial infections was administered to patients with neutropenia. This study was approved by the ethics committee of our institution.

Definitions
-----------

Chronic advanced cancer was considered in patients with confirmed metastatic disease (stage IV) and some tumors in stage III (lung, pancreas, gastric, esophagus, and urothelial) not suitable for treatment or in progressive outbreak during treatment. Breast and prostate cancer affected with bone metastasis, colorectal cancer with resectable hepatic and lung metastasis and metastatic germinal tumors were excluded.[@R10]

Neutropenia was defined as an absolute neutrophil count ≤500 neutrophils/μL. BSI was considered to be nosocomially acquired, health care related, or community acquired, applying criteria described previously.[@R8] Prior antibiotic therapy was defined as the receipt of any systemic antibiotic for 48 hours in the previous month. Severe mucositis was defined as the presence of multiple ulcerations covering more than 25% of the oral mucosa. A BSI caused by coagulase-negative staphylococci and other potential skin contaminants was considered to be significant when they grew in at least 2 blood cultures or in 1 blood culture and in 1 other clinical sample.

An endogenous source of BSI was considered in patients with typhlitis, neutropenic enterocolitis, spontaneous bacterial peritonitis, or those who were neutropenic and did not have any other evident source of infection. An unknown source was considered when no clear source of BSI was found.

Corticosteroid therapy was recorded when a patient was receiving corticosteroids at the time of the episode of BSI or in the previous month. Hypotension was considered when systolic blood pressure was less than 90 mm Hg or diastolic less than 60 mm Hg. Shock was defined as a systolic pressure \<90 mm Hg that was unresponsive to fluid treatment and/or required vasoactive drug therapy.[@R21] We used the Multinational Association for Supportive Care in Cancer (MASCC) score that identifies patients at low risk for complications and was calculated as described elsewhere.[@R18]

Empirical antibiotic therapy was considered inadequate if the treatment regimen did not include at least 1 antibiotic active in vitro against the infecting microorganism. In patients with extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae BSI, treatment with an oxymino-β-lactam (with or without an aminoglycoside) was considered inadequate, regardless of the MIC. The following gram-negative bacilli were considered to be MDR: 1) ESBL-producing Enterobacteriaceae, 2) AmpC cephalosporinase hyperproducing Enterobacteriaceae, 3) microorganisms with intrinsic resistance mechanisms such as *Stenotrophomonas maltophilia,* 4) MDR strains of *Pseudomonas aeruginosa* and *Acinetobacter baumannii.* MDR strains were defined as those resistant to at least 3 classes of antibiotics: carbapenems, ureidopenicillins, cephalosporins (ceftazidime and cefpime), monobactams, aminoglycosides, and fluoroquinolones.[@R6] MDR gram-positive organisms included methicillin-resistant *Staphylococcus aureus* (MRSA) and ampicillin-resistant *Enterococcus faecium.*

Time to adequate antibiotic therapy was considered as time from the blood culture collection to the first adequate antibiotic dose administration and was recorded in days, considering the closest day to the hour that the antibiotic was administered. The early case-fatality rate was defined as death within 48 hours of the onset of BSI. The overall case-fatality rate was defined as death by any cause within the first 30 days of onset.

Microbiologic Studies
---------------------

Two sets of 2 blood samples (BACTEC Plus Aerobic and Anaerobic, BD), taken 30 minutes apart, and containing 8--10 mL of blood each, were drawn from patients who had fever of 38°C or when BSI was suspected based on any clinical sign or symptom. Microbial identification was performed using commercially available panels (MicroScan \[Siemens\] or Vitek \[Bio erieux\]) or by standard biochemical and/or enzymatic test.

Antibiotic susceptibility was tested using the microdilution method following the Clinical Laboratory Standard Institute (CLSI) guidelines. The screening of MDR-phenotypes including MRSA, ampicillin- and vancomycin-resistant enterococci, ESBL production, and carbapenemase production was conducted according to CLSI recommendations.[@R2],[@R3]

Statistical Analysis
--------------------

Continuous variables were compared using the Mann--Whitney U test and the Student t test. Qualitative variables were compared using the chi-square test. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. A p value of \< 0.05 was considered statistically significant. The analysis was performed with the stepwise logistic-regression model of the SPSS software package v. 15.0 (SPSS Inc., Chicago, IL).[@R14]

RESULTS
=======

Study Population and Patient Characteristics
--------------------------------------------

During the study period 528 episodes of BSI in 489 adult patients with solid tumors were identified. Thirty-nine episodes of BSI were excluded from the analysis because they occurred within less than 4 weeks after a first episode of BSI. The epidemiologic and clinical characteristics of the patients are outlined in Table [1](#T1){ref-type="table"}. BSI occurred mainly in hepatobiliary tumors (19%), followed by lung tumors (18%) and lower gastrointestinal tract malignancies (16%).

###### 

Epidemiologic and Clinical Characteristics of 528 Episodes of BSI in Patients With Solid Tumors
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Almost half of the patients had comorbidities. Most of the BSIs (84%) were health care related or nosocomially acquired, whereas only 16% of them were community acquired. Thirty-seven percent of the patients had received previous antibiotic therapy, mainly β-lactams + β-lactamase inhibitors (73%) followed by quinolones (30%) and oxymino-β-lactams (16%). Chemotherapy had been given to 63% of the patients within the last month and 41% had received corticosteroid therapy. Fourteen percent of the patients had a biliary prosthesis, 10% a urinary catheter, 10% a port-a-cath, and 5% a central venous catheter. Eighty episodes (15%) occurred in neutropenic patients and 52% of them had a MASCC risk score \<21. The most common sources of BSI were cholangitis (21%), followed by other abdominal (19.5%) and urinary tract infections (17%).

Etiology and Antibiotic Resistance
----------------------------------

Table [2](#T2){ref-type="table"} details the causative organisms of all episodes of BSI. Gram-negative organisms accounted for 55% of cases. The most frequent gram-negative bacilli were *Escherichia coli* (55%), followed by *P. aeruginosa* (18%), and *Klebsiella pneumoniae* (16%). Among gram-positive organisms (35%), viridans group streptococci were the most frequently isolated (22%), followed by *S. aureus* (21%) and *Enterococcus* species (18%).

###### 

Causative Organisms of All Episodes of BSI in Patients With Solid Tumors
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We identified 61 (13%) MDR organisms, mostly ESBL-producing Enterobacteriaceae (n = 20), AMP-C-producing Enterobacteriaceae (n = 13), MRSA (n = 7), MDR *P. aeruginosa* (n = 5), *S. maltophilia* (n = 1), and *A. baumannii* (n = 1). No vancomycin-resistant *Enterococcus faecalis* or *Enterococcus faecium* organisms were found. No carbapenemase-producing bacteria were found. We did not identify and special temporal trend in resistance. On analyzing these BSI caused by MDR organisms, we found that they also occurred mainly in hepatobiliary and lower gastrointestinal tumors, but in a higher proportion compared with BSI caused by susceptible strains (31% and 24%, respectively). The episodes of nosocomial or health care-acquired BSI were clearly predominant (93%), and previous antibiotic therapy had been administered to 70% of the patients. Twenty-eight percent of the patients had a urinary catheter and 24% of them had a biliary prosthesis. A large proportion of the patients had been previously hospitalized (within the last 3 months) (61.4%) and the most frequent sources of BSI were cholangitis (34.5%) and urinary tract infection (26%), whereas respiratory tract infections were rare (\<2%).

Clinical Manifestations, Antibiotic Therapy, and Outcomes
---------------------------------------------------------

Table [3](#T3){ref-type="table"} shows the outcomes of all episodes of BSI. Fever was documented in 77% of cases, systolic hypotension in 30%, and shock in 13%. Ninety-four percent of the patients received empirical antibiotics, the most prevalent being the β-lactam + β-lactamase inhibitor combination (56%), followed by oxymino-β-lactams (23%), cephalosporin + aminoglycoside (14%), carbapenem (13%), and quinolones (12%). Inadequate empirical antibiotic therapy was given to 23% of patients, with a higher proportion in those with BSI due to a MDR strain (69%). The early and overall case-fatality rate was 7% and 32%, respectively, whereas in episodes caused by MDR organisms the rates were 7% and 39.3%, respectively.

###### 

Outcomes of 528 Episodes of BSI
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Prognostic Factors
------------------

We compared patients who died with those who survived in order to identify risk factors associated with mortality. Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} summarize the risk factors associated with the early and overall case-fatality rate, respectively.

According to the univariate analysis, lower gastrointestinal tumors, hepatobiliary tumors, and tumors of unknown origin; a MASCC index score \<21; shock at presentation; corticosteroid therapy; and respiratory, endogenous, and unknown sources were significantly more frequent in patients with an early case-fatality rate. Multivariate analysis using a logistic regression model showed that the only significant independent risk factors for early case-fatality rate were an endogenous source, septic shock at presentation, and corticosteroid therapy.

###### 

Risk Factors for Early Case-Fatality Rate According to Univariate and Multivariate Analysis
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###### 

Risk Factors for Overall Case-Fatality Rate According to Univariate and Multivariate Analysis
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The results of the univariate analysis of the overall case-fatality rate showed that older age, chronic advanced neoplasm, corticosteroid therapy, MASCC index \<21, shock at presentation, unknown source of BSI, and BSI from abdominal sites other than cholangitis were significantly more frequent in patients who ultimately died. Multivariate analysis found that the only significant independent risk factors for overall case-fatality rate were the presence of a chronic advanced neoplasm, septic shock at presentation, and corticosteroid therapy.

Neither inadequate empirical antibiotic therapy nor time \>48 hours to adequate antibiotic therapy were significant prognostic factors for mortality. A subanalysis excluding the episodes caused by coagulase-negative staphylococci was performed, but the outcome was the same.

DISCUSSION
==========

To date, most information on BSI in patients with solid tumors has been extrapolated from studies of hematologic malignancies or studies that included both hematologic malignancies and solid tumors as a unique group.[@R12],[@R32] The current prospective study involving a large number of hospitalized adults with BSI and solid tumors offers a comprehensive evaluation of epidemiology, etiology, and outcomes exclusively in patients with BSI and solid tumors.

We found that BSI occurred mainly in patients with hepatobiliary tumors which were the main cause of cholangitis in these patients, followed by lung cancer and lower gastrointestinal tract malignancies. A retrospective study with a smaller sample size (157 episodes of BSI) conducted by Anatoliotaki et al[@R1] in 2004 found breast (22%) and lung (18%) tumors as the most frequent underlying malignancies, whereas hepatobiliary tumors accounted for only for 8% of cases.

Almost half of our patients had comorbidities and most of them were receiving active chemotherapy at the time of infection, which mostly occurred in the health care setting. Of note, a large proportion of them had previously received antibiotic and corticosteroid therapy, and most of them had implantable devices (biliary prosthesis, urinary catheter, port-a-cath, and venous catheters). These figures were even higher in those with episodes caused by a MDR organism according to the literature.[@R14]

We identified 98 episodes of cholangitis, which represented the most common source of BSI, followed by other abdominal and urinary tract infections, whereas Anatoliotaki et al[@R1] found urinary tract infections to be the most frequent source of BSI (34%). In the current study, catheter-related infection causing BSI accounted for only 10% of the total, in contrast with other studies that included hematologic malignancies, in which catheter-related bacteremia was more prevalent.[@R12],[@R26],[@R32] In a prospective study involving a small number of cancer patients, catheter-related infections were found to be the major source of BSI in patients with solid tumors and hematologic malignancies.[@R24]

It is noteworthy that only 15% of the episodes of BSI in patients with solid tumors occurred during periods of neutropenia. This finding contrasts with those of studies involving patients with hematologic malignancies, in which the majority of the episodes occurred during periods of neutropenia.[@R4],[@R11],[@R32]

Analysis of the causative pathogens of BSI revealed that gram-negative bacilli were the most frequent microorganisms isolated in patients with solid tumors, mainly *E. coli, P. aeruginosa* and *K. pneumoniae.* Among gram-positive BSI, viridans group streptococci were the most frequent causative organisms, followed by *S. aureus* and *Enterococcus* species, which is well known to be increasing in prevalence worldwide.[@R20] Coagulase-negative staphylococci accounted for only 16% of all gram-positive bacilli, which represents an important decrease compared with hematologic series.[@R12],[@R32]

A large longitudinal study performed in the United Kingdom[@R26] comparing the etiology of BSI in hematologic and oncology patients found a predominance of gram-positive organisms, with coagulase-negative staphylococci being the most frequent bacteria causing BSI in both patient groups. These discrepancies could be explained by the scarce use of antibiotic prophylaxis in patients with solid tumors in our hospital and the reduction of indwelling catheters, as highlighted in a recent systematic review of the changes in BSI epidemiology over the last 5 years.[@R20] In fact, current guidelines recommend primary antibiotic prophylaxis with quinolones in patients with expected durations of prolonged and profound neutropenia (absolute neutrophil count \<100 cells/mm^3^ for \>7 d), who are mainly patients with hematologic malignancies.[@R7]

Of note, we identified 61 MDR organisms, mostly ESBL-producing Enterobacteriaceae and AmpC-producing Enterobacteriaceae. This finding is consistent with those of recent studies that reported an increase in antibiotic resistance among gram-negative bacilli worldwide.[@R13],[@R19],[@R22],[@R25],[@R28]

The majority of patients received empirical antibiotic, the most prevalent being the β-lactam + β-lactamase inhibitor, followed by oxymino-β-lactams. It should be noted that inadequate empirical antibiotic therapy was given to 23% of patients, with a higher proportion in those with BSI due to a MDR strain. In line with these findings, we observed that patients with MDR organisms received inadequate empirical antibiotic therapy more frequently than patients with BSI caused by susceptible strains and had a poorer outcome.

To our knowledge, only 1 study[@R1] has analyzed clinical outcomes and prognostic factors of BSI in patients with solid tumors to date. The investigators found that the administration of inappropriate initial empirical antibiotic therapy and the occurrence of shock were the only risk factors associated with mortality. In the present study, we found high early and overall case-fatality rates of 7% and 32%, respectively. The only independent risk factors associated with the early case-fatality rate were an endogenous source, shock at presentation, and corticosteroid therapy, while the presence of a chronic advanced neoplasm, corticosteroids, and shock were significantly associated with the overall case-fatality rate. It should thus be noted that shock at presentation and corticosteroid therapy were associated with both early and overall case-fatality rate.

Corticosteroids play a decisive role in the immune function of macrophages and granulocytes, as well as in systemic cytokine expression. Additionally, chronic corticosteroid treatment suppresses the production of corticotrophin-releasing hormone and corticotrophin, and can induce adrenal atrophy. Consequently, the adrenal responses to infection may be insufficient to control the inflammatory situation.[@R5]

Moreover, severe sepsis and septic shock remain major health problems in which the speed and appropriateness of therapy administered in the initial hours are likely to influence outcome. It is now widely thought that the intrinsic relationship between the host and the microorganism is critical in the pathogenesis of septic shock, and many host factors influence the ability to develop an optimal immune response against infection. New strategies against septic shock are being assessed.[@R30] Importantly, there remains a great dilemma whether patients with chronic advanced neoplasms should be admitted to the intensive care unit and receive mechanical ventilation.

A relationship between infection with resistant bacteria and poor outcome has been reported in several settings.[@R9],[@R15],[@R23],[@R27],[@R29] Nevertheless, in the present study, we found no significant statistical association of poor outcome with inappropriate empirical antibiotic therapy, nor with time to adequate antibiotic therapy. This was confirmed even after excluding those episodes caused by coagulase-negative staphylococci that are known to be less virulent organisms. Moreover, we observed that inadequate empirical antibiotic therapy was given to a higher proportion of patients with BSI due to a MDR strain, but this was not statistically associated with a higher case-fatality-rate. These findings could be attributed to the fact that patients who received inadequate antibiotic therapy or adequate antibiotic therapy later than 24 hours or even 48 hours after the diagnosis frequently had infections not classically considered severe (urinary tract infections, cholangitis, or soft tissue infections). Despite this, our results suggest that patients who present risk factors for BSI caused by MDR organisms, such as previous hospitalization, presence of devices, or previous antibiotics, might benefit from early broad-spectrum empirical antibiotic therapy.

Despite a number of strengths, the present prospective study of a large cohort of patients with BSI has some limitations that should be acknowledged. First, it was performed in a single institution, which may not reflect the epidemiology of different centers and/or different geographic areas. Second, we analyzed a heterogeneous group of patients with solid tumors, who may have different epidemiologic and clinical characteristics and behaviors than other patients. Finally, molecular typing of MDR isolates was not performed.

In conclusion, we found that patients with solid tumors and BSI have particular characteristics: hepatobiliary and lung tumors are the most frequently involved neoplasms, and cholangitis is the most recurrent source of BSI, mainly caused by gram-negative bacilli. MDR organisms are relatively common among patients with solid tumors and BSI, particularly when patients have previously received antibiotic therapy or have been hospitalized, and patients frequently received inadequate empirical antibiotic therapy. The case-fatality rate in patients with solid tumors and BSI is high, especially among those with chronic advanced neoplasms, corticosteroid therapy, and shock at presentation. Appropriate use of corticosteroids and better strategies for managing shock in these patients should be considered to reduce mortality.
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